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(54) UQUID CRYSTAL DISPLAY DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To make visible information on both top and reverse 
surfaces and to actualize low cost thin constitution, light weight, and low power 
consumption by providing a liquid crystal element which has liquid crystal sandwiched 
between a couple of 1st and 2nd substrates, reflection type polarizing plates provided 
outside the 1st and 2nd substrates, and absorption type polarizing plates outside the 
reflection type polarizing plates. 

SOLUTION: An SNT liquid crystal element 16 is composed of the 1st substrate 1 on 
which a 1st electrode 3 is formed, the 2nd substrate 2 on which a 2nd electrode 4 is 
formed, a seal material 5 sticking the 1st and 2nd substrates 1 and 2 on each other, 
and the nematic liquid crystal 6 sandwiched between the 1 st and 2nd substrates 1 and 
2. The 1st reflection type polarizing plate 8 Is arranged and the 1st absorption type 
polarizing plate 10 Is arranged thereupon. Then a phase difference plate 13 is arranged 
between an SNT liquid crystal element 16 and the 1st reflection type polarizing plate 8. 
A 2nd reflection type polarizing plate 9 is arranged below the SNT liquid crystal 
element 1 6 and a 2nd absorption type type polarizing plate 1 1 is arranged below It 
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A. Relevance of the above-identified Document 

This document has relevance to claims 1 and 7 of 
the present application. 

B. Translation of the Relevant Passages of the Document 
[CLAIMS] 

[CLAIM 1] 

A liquid crystal display apparatus, comprising: 

a liquid crystal element which includes a first 
substrate having a first electrode, a second substrate 
having a second electrode, and liquid crystal sandwiched 
between the pair of substrates; 

a reflective polarizing plate provided on an outer 
side of the first substrate; 

an absorptive polarizing plate provided on an outer 
side of the reflective polarizing plate; 

a reflective polarizing plate provided on an outer 
side of the second substrate; and 

an absorptive polarizing plate provided on an outer 
side of the reflective polarizing plate. 

[CLAIM 7] 

The liquid crystal display apparatus as set forth in 



2 Tokukaihei 11-231303 



claim 1, 2, or 6, wherein: 

the reflective polarizing plate is a sheet that 
transmits a plane of vibration parallel to an easy 
transmission axis and reflects a plane of vibration 
orthogonal to the easy transmission axis. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0011] 

[MEANS TO SOLVE THE PROBLEMS] 

In order to achieve the foregoing objective, a liquid 
crystal display apparatus of the present invention in 
accordance with the invention of claim 1 is arranged so as 
to include a liquid crystal element which includes a first 
substrate having a first electrode, a second substrate 
having a second electrode, and liquid crystal sandwiched 
between the pair of substrates; a reflective polarizing 
plate provided on an outer side of the first substrate; an 
absorptive polarizing plate provided on an outer side of 
the reflective polarizing plate; a reflective polarizing plate 
provided on an outer side of the second substrate; and an 
absorptive polarizing plate provided on an outer side of 
the reflective polarizing plate. 

[EMBODIMENTS] 
[0037] 

(Explanation of concrete examples: Figures 1, 2, 
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and 4) 

The following will explain a concrete example where 
the liquid crystal display apparatus in accordance with 
the first embodiment of the present invention shows a 
high contrast display when viewed from either side of the 
front A and back B. First, a case where the front A is 
viewed will be explained. In the liquid crystal display 
apparatus of the present invention, linearly polarized light 
rotated away by 90 degrees from the easy transmission 
axis 10a direction that enters the first absorptive 
polarizing plate 10 is absorbed. On the other hand, 
linearly polarized light in the easy transmission axis 10a 
direction enters the first absorptive polarizing plate 10 so 
as to be parallel to the easy transmission axis of the first 
reflective polarizing plate 8. The linearly polarized light 
transmits the first reflective polarizing plate 8 because 
the entered linearly polarized light is parallel to the easy 
transmission axis 8a of the first reflective polarizing plate 
8, and then enters the STN liquid crystal element 16. If 
the retardation film 13 is not provided, the linearly 
polarized light after transmitting the STN liquid crystal 
element 16 becomes elliptically polarized light. Therefore 
the resultant light cannot be completely reflected by the 
second reflective polarizing plate 9, and is colored due to 
birefringence, resulting in insufficient display. 
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[0039] 

The exited linearly polarized light component is 
scattered by the light scattering member 12, and enters 
the second reflective polarizing plate 9. The easy 
transmission axis 9a of the second reflective polarizing 
plate 9 is set to -20 °C with respect to the horizontal. 
Therefore the linearly polarized light transmitted the light 
scattering member 12 enters the second reflective 
polarizing plate 9 in a direction rotated by 90 degrees with 
respect to the easy transmission axis 9a of the second 
reflective polarizing plate 9. Therefore the linearly 
polarized light is reflected by the second reflective 
polarizing plate 9 and returns to the front A which is the 
viewing side. Here, the linearly polarized light that is 
moderately scattered by transmitting the light scattering 
member 12 again is reflected to the front A. Therefore, as 
shown in the case of Figure 4 where no voltage is applied 
and the front A is viewed, the liquid crystal display 
apparatus completely reflects light, and shows a white 
display. 

[0041] 

Therefore the light enters the second reflective 
polarizing plate 9 so as to be parallel to the easy 
transmission axis 9a of the second reflective polarizing 
plate 9. Therefore, as shown in the case of Figure 4 where 
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voltage is applied and the front A is viewed, incident light 
transmits the second reflective polarizing plate 9 and then 
the second absorptive polarizing plate 1 1 to the back B. 
The transmitted linearly polarized light component is not 
reflected back to the front A on the viewing side because 
no reflecting plate is provided on the side of the back B. 
Therefore a black display is achieved. 
[0042] 

Next, a case where the back B is viewed will be 
explained. The operation in this case is the same as the 
case where the front A is viewed except that light passes 
through the light scattering member 12 before and not 
after the light enters the liquid crystal element 16 and the 
position of the retardation film 13 is different. When no 
voltage is applied and the back B is viewed, linearly 
polarized light rotated away by 90 degrees from the easy 
transmission axis 11a direction that enters the second 
absorptive polarizing plate 1 1 is absorbed. On the other 
hand, linearly polarized light in the easy transmission 
axis 11a direction enters the second absorptive polarizing 
plate 11 so as to be parallel to the easy transmission axis 
9a of the second reflective polarizing plate 9. The linearly 
polarized light transmits the second reflective polarizing 
plate 9 because the entered linearly polarized light is 
parallel to the easy transmission axis 9a of the second 
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reflective polarizing plate 9. The linearly polarized light is 
reflected by the light scattering member 12, and then 
enters the STN liquid crystal element 16. The linearly 
polarized light that exited the STN liquid crystal element 
16 becomes elliptically polarized light. If the retardation 
film 13 is not provided, the resultant light cannot be 
completely reflected by the first reflective polarizing plate 
8, and is colored due to birefringence, resulting in 
insufficient display. 

[0044] 

The exited linearly polarized light component enters 
the first reflective polarizing plate 8. The easy 
transmission axis 8a of the first reflective polarizing plate 
8 is set to -10 °C with respect to the horizontal. Therefore 
the linearly polarized light enters the first reflective 
polarizing plate 8 in a direction rotated by 90 degrees with 
respect to the easy transmission axis 8a of the first 
reflective polarizing plate 8. Therefore the linearly 
polarized light is reflected by the first reflective polarizing 
plate 8 and returns to the back B which is the viewing 
side. Here, the linearly polarized light that is moderately 
scattered by transmitting the light scattering member 12 
again is reflected to the back B. Therefore, as shown in 
the case of Figure 4 where no voltage is lapplied and the 
back B is viewed, the liquid crystal display apparatus 
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completely reflects light, and shows a white display. 
[0046] 

Therefore the light enters the first reflective 
polarizing plate 8 so as to be parallel to the easy 
transmission axis 8a of the first reflective polarizing plate 
8. Therefore, as shown in the case of Figure 4 where 
voltage is applied and the back B is viewed, incident light 
transmits the first reflective polarizing plate 8 and then 
the first absorptive polarizing plate 10 to the front A. The 
transmitted linearly polarized light component is not 
reflected back to the back B on the viewing side because 
no reflecting plate is provided on the side of the front A. 
Therefore a black display is achieved. 
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